In energy storage device, H-bridge bi-directional DC-DC converter bear the ability of bidirectional transportation of energy, but it has large amount of fault information. A novel fault diagnosis method for H-bridge bi-directional DC-DC converter is proposed in this paper, based on BP neural network (BP) as classifier optimized by Cuckoo Search algorithm (CS). Neural networks have the strong classify ability which can be used to fault diagnosis. But it is very easy to trap the local minimum if the initial network weights are randomly generated. To solve this problem, we use the CS algorithm to optimize the initial weights of the neural network. The simulation results show that the method can effectively diagnose the H-bridge bi-directional DC-DC converter.
INTRODUCTION
With the advantages of bidirectional energy switching fast, simple topology, simple control, bi-directional DC-DC converter is widely used in electric vehicles, renewable energy, and hybrid energy storage [1] . But the H-bridge bi-directional DC-DC converter uses power electronic switching device, resulting in high failure rate. Therefore, accurate and quickly fault diagnosis of this converter is very important. At present, the power converter fault diagnosis methods can be divided into two categories: 1) Fault diagnosis method based on hardware circuit. 2） Fault diagnosis method based on software algorithm [2] , the method does not need to increase the complexity of hardware circuit, only will get working current or voltage by sampling, obtain fault characteristic by algorithm processing. Based on measurement information analysis of fault characteristics, and then use the method of pattern recognition for fault classification [3] . ___________________________
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BP Neural network has strong nonlinear mapping ability, it become the first used to fault diagnosis and has been widely used [4] . The fundamental thought is converting the network using some representation sample to a general dictionary, and the diagnostic information is included in the network' weigh. In this way, if you input the scale characteristic of the circuit, the diagnosis will be found out. However, the traditional neural network has the shortcomings of its gradient descent search algorithm, it is very easy to trap the local minimum if the initial network weights are randomly generated. Moreover, the learning speed of BP network is very slow, and it usually needs thousands of iterations to converge to the global minimum. CS algorithm, as a new meta-heuristic optimization algorithm [5] , is an efficient approach to solve continuous function optimization problems. In this paper, the neural network will be optimized by CS algorithm to get improved classification performance for fault diagnosis.
THE TOPOLOGY FOR BI-DIRECTIONAL DC-DC CONVERTER AND FAULT ANALYSIS
The Topology for Bi-directional DC-DC Converter
As energy crisis and environmental pollution become more and more serious, the demand of new energy sources is increasingly growing. However, the amount of energy generated is uncontrollable, energy storage source is needed to deal with distributed power source. Energy storage block of distributed power source as shown in Figure. 1 [6] . The circuit topology of H-bridge bi-directional DC-DC converter is shown in Figure. 
Fault Analysis
The fault of H bridge bi-directional DC/DC converter is mainly caused by internal components of the performance degradation [7] . Including, 1) Faults caused by voltage stress, thermal stress and switch nonlinearity in power MOSFET tubes. With the increase of operating time, the turn-on resistance RDS will affect the MOSFET working characteristics. The conduction resistance RDS is taken as the fault characteristic parameter of MOSFET, and the fault criterion is used when the turn-on resistance RDS is higher than the initial value. 2) In the H-bridge bi-directional DC-DC converter, the failure rate of electrolytic capacitor is as high as 60%, and the failure criterion of capacitor is 3 times as much as the equivalent resistance RESR is greater than the initial value, that is RESR(t)>3RESR. In this section, the degradation characteristics of capacitance and MOSFET are analyzed by measuring voltage information. By analyzing the topology of H-bridge bi-directional DC-DC converter, when the power switch or other components are out of order, the voltage of the DC bus will be changed. Table I lists the main circuit simulation parameters of H-bridge bi-directional DC-DC converter. The voltage of DC bus when translation mode of Boost discharge to Buck charging, then to Boost discharge mode is shown in Figure 3 . The voltage simulation waveforms of the DC bus when the converter is out of order, as shown in Figure 4 . 
Fault Feature Extraction based on Wavelet Packet
Wavelet packet was introduced by Coifman et al. [8] which is an extension of wavelet analysis. It is a multi-level decomposition in whole frequency bands (including the high-frequency and the low-frequency parts). It can achieve effective separation of useful information and unwanted information. The wavelet packet decomposition algorithm can be denoted by [9] :
According to the Parseval energy integral formula, the energy in the time domain of a signal, f(t), can be expressed as:
(2) Using (1) and (2), the energy of a signal, f(t), in the time domain can be given by:
Therefore, the energy of each frequency band after wavelet packet decomposition can be denoted by:
The energy of each frequency band will change, when a device malfunctions. Comparing the energies of the normal signal and the fault signal in the corresponding frequency band, power spectrum analysis can be performed on the frequency bands, whose energy disparities are the highest. Then, the possible fault type can be determined by comparing the power spectrums of the corresponding frequency bands. The computational formula of the power spectrum can be given as:
In this section, Daubechies 3 wavelet (db3) is chosen mother wavelet. The fault signal is decomposed by db3 and the decomposition layer is 3, 7 nodes can be obtained in the 3th layer. Therefore, the feature vector of the fault signal consist of 8 elements, which can be represented by Eq. (6).
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According to the above analysis process, when the converter is in a normal operation, the feature vector of DC bus voltage in Figure 3 are extracted based on WPD The feature vector of normal operation is expressed as follow. The feature vectors of fault signal in Figure  4 are extracted based on WPT when the converter is out of order. The feature vectors of circuit faults from S1 to S4 and capacitance C are as follows: These extracted feature contain wealthy fault information. The change of a certain feature can reflect the occurrence of some fault. Therefore, they are often employed to identify the operation condition of machine system.
FAULT DIAGNOSIS OF H-BRIDGE BI-DIRECTIONAL DC-DC CONVERTER BASED ON CS-NN

Cuckoo Search Algorithm (CS)
Cuckoo search algorithm, as a comparatively new meta-heuristic algorithm, is developed by Yang and Deb in 2009 [10] . In the natural, the way of cuckoo breeding is very special. They lay their eggs in the nest of host birds of other species and use host birds' nest to hatch their eggs and bring up their chicks. A special case of random walk with heavy-tailed probability distribution can be described by the mathematical formulation of lévy flight. Cuckoos usually set their eggs in the nests where host birds just laid their eggs. Unfortunately, if host birds discover the eggs which are not their own, they will throw the alien eggs away or abandon their nests and rebuild new nests. Basic definitions can be summed up as following [11] .
Definition 1: The update of the bird's nest positions is： 
Where x g,i and x g,j are two different solutions selected randomly by random permutation. r is random numbers distributed in [0,1].
BP Neural Network Structure in Fault Diagnosis
With the characteristics of simple structure, easy to achieve and robust, BP network is widely used in fault diagnosis. The theoretical research shows that the three-tier BP network, as long as the network structure and parameter selection is reasonable, accuracy will approximate any nonlinear functions. The first is to extract the fault feature, which is the key to fault diagnosis, but also the basis for constructing the sample set. The nodes are measured in the circuit, and then the data is preprocessed and the scale is changed to form the set of fault feature samples. It is divided into training sample set and test sample set. The extracted fault feature sample set is used as the input of the neural network. The network output is both the membership degree of the fault, the expected output is binary code, the value of the fault is 1 and the rest is 0.
Constructing neural networks as shown in Figure 1, 
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The network output is compared with the expected output, calculate the network error, if satisfy the required error that stop the training, in contrast to change the network weight, cycle training straight to meet the requirements.
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Fault Diagnosis Based on BP Optimized by CS
In this section, the proposed method will be described for fault diagnosis of H-bridge bi-directional DC-DC converter. When one component is in a fault, the amplitude-frequency curve will have certain changes. The characteristics of fault data can be extracted by it. In Figure. 2, the algorithm schematic of CS combined with BP is given for the circuit fault diagnosis. The fault feature extraction based on wavelet packet is necessary. The parameters w and B of BP network will be optimized by CS algorithm, then the classified results could be obtained after test samples are put into optimal classified model with cross validation. The processes of BP classifier optimized by Cuckoo Search Algorithm in our proposed method is as followed:
Step1: Initialize the parameters of the algorithm, such as the number of nests n, the Max Generation T, the current iteration t, and the value of α and pa.
Step2: Construct BP classified model and set the neuron number and the search space in each layer.
Step3: Generate an initial population of n host nests regarded as the potential weight and threshold combinations.
Step4: Calculate the fitness function corresponding to cuckoo algorithm, and find the current best. The fitness value is the sum of absolute errors between the classified value and the actual value.
Step5: Update the nest location according to the location update formula of the CS algorithm by (7), we can get the new nest location and take them back to step 4. Get the fitness value, compared with the last generation. Get the current optimal position of bird's nest replace the poor bird's nest.
Step6: If r>pa, it means that host bird has found cuckoo's egg and remove them from nest that cuckoo have to search for another place for laying egg, which has been shaping a new generation. Finally, the optimal is chosen to compare with their fitness value.
Step7: If the number of iterations is equal to the Max Generation, break to step 8; else, the iteration number plus one, back to step 5.
Step8: Get the best weight and threshold combinations, and construct the classified model. Using the training set to train the network, when the training error is no longer reduced, stop training.
Step9: Classify the circuit faults with the trained BP classifier. Table II shows the fault types and feature vector based on wavelet packet transform. According to the fault analysis in section 2, normal state and 5 fault states can be identified, as shown in Table III . 200 groups of each state data are collected, then the input of the BP is constructed according to the selected feature vector, and the sample data is divided into training set and test set into the BP for the purpose of state recognition and classification. We randomly select 90% data as training data, and 10% data as testing data. Labels of six types are show in table 3, they express state of normal, and other five fault information.
THE SIMULATION AND RESULTS
We classify the fault data based on BP neural network optimized by Cuckoo Search algorithm (BP-CS), Online extreme learning machine (OS-ELM), extreme learning machine (ELM), BP neural network (BP-NN) the diagnosis accuracy are 98.3%, 95.8%, 92.5% and 89.1%, respectively. The fault diagnosis result based on different classification methods are shown in Figure 7 . In order to verify the superiority of the proposed method, further experiments were made. Figure 8 shows the accuracy curves of the four methods changing along with variation of the number of hidden nodes. Figure. 8 reveals that, with the number of hidden nodes changing, BP-CS outperforms the other three algorithms. The diagnosis accuracy of BP-CS continued above 98%. Thus, the fault diagnosis method based on BP neural network optimized by CS algorithm has better classification performance which can diagnosis the H-bridge bi-directional DC-DC converter precisely.
CONCLUSION
In this paper, a new fault diagnosis method has been put forward for the H-bridge bi-directional DC-DC converter. The H-bridge bi-directional DC-DC bus voltage is fully extracted. The procedures are as follow, firstly, extract feature of sample data by Wavelet Packet, reduce the time and space complexity of BP neural network computing; then, optimize the parameters of the BP neural network by CS algorithm, the best weights and bias value would be optimized by CS algorithm. Finally, send the training samples and test samples into network, the diagnostic accuracy reaches to 98.3%. The simulation and comparison results show that the feasibility and effectiveness of the proposed method are verified with an application of CS-BP in the electronic system.
